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1571 ABSTRACT 

A pre-coated metal sheet is prepared by coating a 
metal sheet with an acrylic resin comprising a disper 
sion of a granular rubbery material in an acrylic-based 
resin matrix which acrylic-based resin matrix contains 
monomer units having functional groups which cross 
link upon heating. 

7 Claims, 1 Drawing Figure 
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PRE-COA'I‘ED METAL SHEET‘ 

BACKGROUND OF THE INVENTIO 
‘ 1. Field of the Invention: I 3 , 

This invention relates to an acrylic iresin~pre-'coated 
metal having excellent workability at ‘room ‘tempera 
ture. This invention further relates .to an acrylic'rlesin 
coating layer having minimum strain and-‘high surface 
hardness resulting from heat‘treatment‘subsequent to 
working of the metal. -- . » . : 

2. Description of the Prior Art: - 
Hitherto, pre-coated metal sheets have found wide 

use in industry. Pre-coated metal sheets have been 
prepared by surface coating steel, zinc-plated steel, 
aluminum and the like either in coil or cut-sheet form 
with a coating material or laminated with a synthetic 
resin flim. After the coating process, the metal sheets 
have been subjected to plastic working, such as press 
forming, with the aforesaid coated or laminated sur 
faces being-left intact. The sheets‘ require no further 
coating for protection or decoration of the surfaces of 
the'metal sheets. Recently, pre-coated metal sheets 
have found wide use in the sheet-forming industry, 
because of their attractive advantages, such as elimina 
tion of a coating step which saves manpower. 
Known pre-coated metal sheets may be generally 

classi?ed into two types: those having a hardened or set 
layer composed of a thermosetting acrylic resin and 
those having a plasticized resin-coated layer composed 
of soft polyvinyl chloride. The former type has the 
advantage that the surface is extremely hard and resis 
tant to scratches, but suffers from the disadvantage of 
brittleness and poor workability. 0n the other hand, 
the latter type has the advantage of satisfactory work 
iability to the same degree as that of the base‘metal 
‘sheet, but suffers from the disadvantage of scratching. 
Additional disadvantages experienced with both types 
of pre-coated metal sheets include residual working 
strain in the resin-coated layers, low resistance to 
chemicals and poor weatherability. ‘In other words, 
conventional pre-coated‘metal sheets fail to provide 
sufficient workability for satisfactory tight or contact 
bending, suf?cient hardness of at least as high as 4 H 
pencil core hardness and sufficient residual working 
strain in ‘the resin-coated surfaces of the'?nal products. 
A need exists therefore for a pre-coated metal sheet 

which'will overcome the above disadvantages of prior 
art sheets. ‘ ‘ ' - 

SUMMARY OF THE INVENTION 
Accordingly, one object of the invention is to provide 

a resin-coated metal sheet with im'provedworkability. 
‘Another object of the invention isv'to provide a resin 

coated metal sheet with improved hardness. 
. furtherobject of the invention is- to provide a resin 

_ coated metal sheet with a coating containing little or no 
. :residual’ working ‘strain. ' ' ' ' 

Stillanother object'of the‘i'nvention'is to\‘ provide a 
.. I, resin coated metal sheet which is resistant to'chemicals 

and weather. ' 
I. v vThese and other objects of the invention as well here 
inafter become more readily‘ understood have‘ been 
attained by a coating layer’ composed of an acrylic 
based resin, which is glass-like'at room temperature, 
and a dispersive portion of a granular rubbery material, 
which is rubbery at room temperature. The coating is 
mainly composed layer of monomeric units containing 
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3,967,045 
a functional group which is adapted to cross-linking 
upon heating.v 

BRIEF DESCRIPTION OF THE DRAWINGS: 
A more complete appreciation of the invention and 

many of the attendant advantages thereof will be 
readilyobtained as the same becomes better under 
stood by reference to the following detailed description 
when considered in connection with the accompanying 
drawing, wherein: 
The FIGURE is an enlarged cross sectional view of 

the pre-coated metal according to the present inven 
tion wherein l is a metal sheet, 2 is a coating resin 
layer, 21 is a glassy acrylic based resin matrix and 22 is 
a granular rubbery dispersive material. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS: 

The pre-coated metal of the invention, as shown in an 
enlarged view of the accompanying drawings, is com 
posed of a metal sheet 1 and a resin coated layer 2 
which is applied at least to one surface of the metal 
sheet 1. The resin coated layer 2 contains a matrix 
portion 21 of a glassy acrylic-based resin and a disper 
sive portion 22 of a- granular rubbery material. This 
coated layer affords superior workability, and a highly 
stabilized and hard surface layer, which is free of resid 
ual strain, such as in molecular orientation, compared 
to conventional thermosetting pre-coated metal sheets. 
These superior properties may be obtained merely by 
subjecting the sheet to treatment subsequent to the 
working step. Such heat treatment requires no addi 
tional manpower and is rather easily automated. 
As has been described above, the resin coated layer 

of the present invention has a structure composed of a 
matrix portion of an acrylic based resin which is glassy 
at room temperature (hereafter referred to as acrylic 
based resin) and a dispersive portion composed vof a 
granular rubbery material, which is a rubbery at room 
temperature (hereafter referred to as rubbery mate 
rial). The layer is mainly composed of resin composi 
tions containing monomeric units with‘ a functional 
group which tends to cause crosslinking upon heating. 
The structure of the aforesaid resin coated layer, which 
contains granular rubbery materials dispersed in a 
glassy matrix,permits a high degree of plastic deforma 
tion. In addition, a strong coated layer will result be 
cause the matrix portion of the resin-coated layer is 
composed of a strong acrylic-based resin and the 
strength of the coated layer is substantially equal to 
that'of the matrix portion. The pre-coated metal sheets 
of the present invention will withstand breakage or cuts 
in the coated layer resulting from excessively large 
application of pressure at the time of working, and will 
withstand a high degree of deformation, that is the 
sheets provide excellent workability. The thickness of 
the resin coated layer may vary depending on the ex 
tent of intended plastic working, the desired appear 
ance and corrosion resistance required, and is prefer 
ably 20 p.to 200 [L 
The amount of acrylic-based resin and rubbery mate 

rial in the resin compositions, are preferably between 
70 and.99% by weight and between 1 to 30% by weight, 
respectively. If the amount of acrylic-based resin is less 
than 70% or the amount of rubbery material is in excess 
of 30%, an unstable matrix results, coupled with low 
ered strength and higher degree of deformation, which 
leads to lowered workability and decreased surface 
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hardness of the final product. On the other hand, if the 
proportion of acrylic-based resin is in excess of 99% or 
the proportion’ of rubbery material is no more than 1%, 
that is, an excessively small ‘amount of dispersive por 
tion, a sharp or radical decrease in the degree of defor 
mation will result along \withpoor"workability. The 
most preferable proportions of acrylic-‘based resin ‘and 
rubbery material are from 80% to 97% and‘ from 3%lto 
20%, respectively. - 1 ; > 

The particle size of the rubbery material of the resin 
of the invention also largely affects the toughness of the 
coated layer. The most preferable particle size diame 
ter for the dispersive portion is 0.05;]. to 15p. Thus, an 
excessively large or small particle size, outside. of the 
above range, will result in lowered strength or in‘ elon 
gation of the resin, with a resulting loss of durability. 
The monomeric units included in the resin and 

adapted to cause ‘cross-linking upon heating subse 
quent to plastic working to a desired shape of the.pre 
coated metal of the present invention, act by cross-link 
ing to each other so as to suppress molecular motion. 
This cross-linking increases theresistance to deforma 
tion of the resin, i.e., the increase in hardness of the 
coated layer or in surface hardness of the ?nal product. 
The monomeric units containing the cross-linking func 
tional group should be dispersed uniformly throughout 
the entire resin composition. However, even when the 
monomeric units are present only in the matrix portion, 
the above advantageous effects will result. The amount 
of monomeric units containing the functional group is 
preferably 1 to 30% by weight, based on the matrix 
portion of acrylic-based‘ resin. The above proportion 
will produce 0.5 to 15 cross-linkages per 100 mono 
meric units. Fewer than 0.5 cross-linkages per 100 
monomeric units will fail to suppress the molecular 
motion to a sufficient degree, and will provide a'mini 
mal resin-setting effect. On the other hand, if the num 
ber ofcross-linkages is greater than 15, the acryl resin 
will become too great,'and no suppression of molecular 
motion and no improvement in hardness of the resin 
will result; '- i . - . .‘ 

Suitable acrylic-based r'esins include 50 to 99% lower 
alkyl methacrylates, such as methyl methacrylate, and 
lower alkyl acrylates, from 0 to 49% of a vinyl benzene, 
such as styrene, and from I to 30% of a vinyl monomer 
containing afunctional group adapted to cause cross 
linking upon heating. Suitable lower alkyl methacry 
lates and lower alkyl acrylates includethe methyl, ethyl 
and propyl esters. The methacrylates and acrylates may 
be used alone or in combination. When an acrylic 
based resin. having a particularly ‘high glass-transition 
temperature is desired, methyl methacrylate is used as 
the principal component. 2 . 

Suitable vinyl benzenesv include styrene, a-methyl 
styrene and the like. These compounds contribute to 
improved surface hardness of the resin ‘coated layer, 
although an excessive amount will. result in lowered 
weatherability. For this reason, an amount in excess of 
50% is not desirable. ‘ - . _ > - 

Suitable vinyl monomers containing a cross-linking 
functional group include vinyl monomers containing an 
epoxy-group, ~ hydroxyl-group, carboxy-group, amino 
group, and acid anhydrides,.such as maleic anhydride 
and the like. One or'more'combinations of monomers 
of the two types, i.e., those which cause‘ an addition 
reaction, such as a combination of an ,epoxy group and 
an hydroxyl group, and those ‘which cause a condensa 
tion reaction, such as combination of an hydroxyl 
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group and a carboxyl group may be used. The number 
of monomers'of each type should be equal to one other. 
In addition, the monomer containing the functional 
group should bea component of the acrylic-based resin 
which is of a glassy state at room temperature, and such 
a monomer should bev selected from derivatives of 
methacrylates or acrylates containing the aforesaid 
functional group, taking into consideration the copoly 
merization reaction of alkyl methacrylates or alkyl 
acrylates. Suitable derivatives of methacrylates or ac 
rylates include 2-hydroxyethylmethacrylate which con 
tains a hydroxyl group, glycidylmethacrylate which 
contains an epoxy-group, acrylamide which contains an 
amido-group, and methacrylic and acrylic acid. An 
i'socyanate group or methylol group may be considered 
as functional groups adapted to cause cross-linking, 
although these groups are apt to cause premature 
cross-linking, because of their high activity. Thus care 
shouldbe taken. in the use of these‘ groups. In addition, 
the functional group,'which cuases the cross-linking 
due to a free radical reaction, is apt to cause cross-link 
ing during the production of the acrylic-based resin, 
and thus theyuse of such active functional groups is not 
desirable. 

Suitable rubbery material which form the dispersive 
, portion of the resin composition are macromolecular 
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materials with glass-transition temperatures below 
room temperature. However, the rubbery material 
should provide some degree of mutual solubility with 
the acrylic-based resin forming the matrix portion, so 
that the aforesaid rubbery material may be uniformly 
dispersed in ?ne granular form throughout the coated 
layer of the precoated metal and so that the coated 
layer will allow a high degree of plastic deformation. 
Thus suitable rubbery materials include acrylic rubbers 
containing rnethacrylatesor acrylates with a relatively 
large alkyl group as the main ingredient thereof, or 
diene rubber graft polymerized with methacrylate, ac 
rylate or vinyl benzene.v By .varying the copolymers in 
the acrylic rubbers, such as methyl methacrylate copo 
lymerized ‘with butylacrylate, or' in rubbers in which 
methyl methacrylate or vinyl benzene-has been graft 
copolymerized with polybultadiene, the workability and 
surface gloss of the pre'icoated metal‘, may be widely 
varied. __ a ' . v f 

i The process for producing pre-coated metal accord 
ing to the present‘invention includes ‘the steps of: pre 
paring an acrylic-based resin and a rub‘bery material; 
mixing the“ resin and rubbery material ‘in the above 
suitable proportions; dissolving or swelling the compo 
nents with a solvent; agitating the components suffi 
ciently, thereby preparing the coating solution; apply 
ing the aforesaid coating solution onto the ‘surface or 
surfaces of a metal sheet; and drying the coated sheet. 

Suitable methods for preparing the acrylic-based 
resin and rubbery material include conventional emul 
sion polymerization, solution polymerization, bulk pol 
ymerization?andthe like. . i' - 

,However,:care should be taken to avoid polymeriza 
tion which involveshigh temperatures, because cross 
linking reaction will be caused at the time of polymeri 
zation; ln'otherwords, t'wo'polymerization solutions, 
one containlizng'the acrylic monomers and the other the 
monomers, fog ‘the cross;lin,king are separately sub 
jected to polymerization. 'After polymerization, the 
resulting resins are mixed together. Photo-polymeriza 
tion, solution polymerization or emulsion polymeriza 
tion iswell adaptedfor use in the preparation of the 
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acrylic-based resin and rubbery material of the present 
invention, because such processes require no heat and 
permit facile adjustment of the polymerization reaction 
temperature. In addition, prepolymers which are pre 
pared by uniform solution-polymerization or by inter 
rupting bulk polymerization half-way are advantageous 
for use, because they dispense with the step of dissolv 
ing the resins in a solvent, for preparation of a coating 
solution, because the resin component thereof has al 
ready been dissolved in a solvent or monomer. 

If the acrylic-based resin or rubbery material is in a 
solid form the materials are dissolved into a ketone, 
toluene, xylene, or the like to prepare the coating solu 
tion. On the other hand, if the resin and rubbery mate 
rial are in the form of a solution or prepolymer, the 
solvents or unreacted monomer may be used as the 
solvents for the coating solution. In this respect, the 
acrylic-based resin and rubbery material so prepared 
herein, may be used without further treatment for the 
resin coated layer of the pre-coated metal sheet. Addi 
tives, such as coloring agents, pigments, masking 
agents, resin stabilizers or the like may be added in this 
step, as necessary. ‘ 

Other important considerations in the preparation of 
the coating solutions are the viscosity of the coating 
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solution and the resin concentration. These two factors > 
largely affect the ef?ciency of the subsequent coating 
and drying steps. The viscosity of the coating solution 
should preferably be 100 to 2000 poise at a tempera 
ture of 20°C, while the resin concentration should be 
from 20 to 50%. Viscosities and concentrations out of 
these ranges will result in lowered efficiency of the 
coating and drying steps. - ' 

The coating solution isv preferably applied onto the 
surface of the metal sheet with a roll coating machine 
or a curtain ?ow coating machine. Suitable metal 
sheets useful for the present invention include steel 
sheets, aluminum sheets and the like. Their surfaces 
should be subjected to degreasing or pickling treat 
ments prior to the application of the coating solution. 
Particularly, the pickling treatment enhances the for 
mation of an irregular surface of the metal sheet, 
thereby increasing the bonding .force between the 
metal sheet and the resin coated layer. On the other 
hand, it is recommended that a resin coating layer be 
applied to the surface of a‘metal sheet which-has been 
subjected to a phosphating treatment for improving the 
adhesion force and corrosion resistance of the metal 
surface. If a strong bonding force is desired between 
the metal sheet and the resin coated layer, an epoxy 
resin based or hard acrylic-resin based adhesive is pref-. 
era'bly applied to the metal sheet. The thickness of the 
layer of the adhesive thus applied should not exceed 
several microns. 
A heating and drying oven is used for evaporating 

solvents or unreacted monomers from the coating on 
the metal surface, thereby obtaining a coated layer 
having a structure, wherein a granular rubbery material 
is dispersed throughout the acrylic-based resin matrix. 
The metal sheet, whose surface has been‘treated with a 
coating solution, is transferred to a drying‘ oven or a 
drying tunnel to be heated with hot air or infrared 
radiation, whereby the coating is dried. The tempera 
ture of the heating should not be so high as to cause‘ 
cross-linking'of the resin‘ nor to’ cause boiling of the 
solvent or monomer which would result in the forma 
tion of bubbles thereinQThe‘evaporated solvent or 
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monomer is transferred, by air pressure to a condenser 
or an absorbing tower for ultimate recovery. 
The pre-coated metal sheets are delivered in the form 

of rolls or cut sheets to plants where they are cut into 
shapes close to those of the final products, and are then 
plastic worked, such as press~formed. The pre-coated 
metal sheet of the present invention will not exhibit 
cracking or cutting of the resin coated layer and a 
desired degree of plastic working may be applied to the 
base metal sheet. In addition, the pre-coated metal 
sheet can be both convexly and concavely deformed. 

Suitable temperatures for the thermosetting treat 
ment of the resin coated layer after plastic working are 
of the order of 150°C, and the treating time is prefer 
ably in the range of 10 to 40 minutes. Lower heat tem 
perature require an excessively long period of time for 
the treatment. On the other hand, higher temperatures 
will shorten the treating duration, but will adversely 
affect the uniformity of the heated products and will 
lead to accompanying difficulties in controlling the 
system. . 

Having generally described the invention, a more 
complete understanding can be obtained by reference 
to certain specific examples, which are included for 
purposes of illustration only and are not intended to be 
limiting unless otherwise speci?ed. 

EXAMPLE I 

For preparing a solution of the acrylic-based resin, 
148 g of methyl methacrylate,-37 g of butyl acrylate, 
9.6g of‘2-hydroxyethylmethacrylate, 5.4 g of acrylic 
acid and 1.0 g of benzoylperoxide, as a polymerization 
initiator, were dissolves in 390 g methylethylketone, 
and the mixture was placed in a ?ask equipped with 
agitator and ?lled with nitrogen gas to effect polymeri 
zation at a temperature of 70°C for 20 hours. The thus 
obtained viscous resin solution will be referred to as A 
1. Part of the resin solution was poured dropwise into 
petroleum ether to effect precipitation, and the resin 
concentration and degree of polymerization were de 
termined from the weight of dried precipitate. The 
resin concentration and polymerization degree of the 
resin solution were about 33% and 100%, respectively. 

Similarly, for preparing a solution of rubbery mate 
rial, 40 g of methylmethacr'ylate, 60 g of butylacrylate 
and 0.5 g of benzoyl peroxide as a polymerization initi 
ator, were dissolved in 150 g methylethylketone, and 
the mixture was subjected to polymerization at a tem 
perature of 70°C for 20 hours in the same manner as in 
the resin solution A 1, to prepare a rubber solution B l. 
The'resin concentration and polymerization degree of 
the rubber solution were determined to be about 25% 
and 90%, respectively. 
Subsequently, 200 g of resin solution A 1 and 23 g of 

rubber solution B l were mixed to obtain a coating 
solution having a viscosity of about 400 poise. As such, 
the proportions of the acrylic-based resin and rubbery 
material were 92% and 8%, based on 100% of the total 
resin. The coating solution thus prepared was applied 
onto the surface of a base steel sheet 0.8 mm thick 
which was pickled and covered with about 3 y. of an 
epoxy based adhesive coating using a curtain flow coat 
ing machine. The steel sheet thus prepared was placed 
in a drying oven maintained at 70°C for 24 hours. 
There was thus obtained a pre-coated metal with a 
resin coated layer about 80 p. in thickness. 

' A granular rubber dispersive portion having an aver 
age particle size of 2 u was observed to be uniformly 
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dispersed in the resin coated layer in the pre-coated 
metal sheet. Furthermore, the hardness of the surface 
of the coated layer was H in terms of pencil core hard 
ness. For testing the workability, an Erichsen value was 
obtained using an Erichsen tester having a punch 10 
mm in diameter, while a du Pont value was obtained 
using a du Pont impact tester for determining the prop 
erties of the coated layer. (A du Pont test is one in 
which a ball of a given diameter is placed at rest on the 
surface of a coated sample, and then a given weight is 
dropped on the aforesaid ball from above in an attempt 
to damage the coated surface. The minimum height at 
which the surface of the sample causes breakage is 
measured.) The Erichsen value was found to be 10 mm. 
It is noteworthy that the value was obtained merely as 
a result of breakage of the base metal, since the resin 
coated layer could withstand the aforesaid Erichsen 
value. 
The du Pont impact values obtained were in the 

range of 30 to 35 cm with a ball diameter of 1%; inch and 
weight of 500 grams. In addition, the pre-coated metal 
was subjected to a tight-or-contact-bending test, and 
produced no breakage of the resin coated layer. Ac 
cording to the above workability test, the pre-coated 
metal of this Example provided the same workability as 
conventional plastic pre-coated metal. 
The pre-coated metal sheet of this example was 

press-formed to various shapes, such as cups, and then 
placed in an oven at a temperature of 150°C for 30 
minutes, thereby setting the resin coated layer. This 
process increased the hardness of the resin coated layer 
to hardness 4 H, in terms of pencil core hardness. Inci 
dentally, the hardness of the coated layer of conven 
tional thermosetting pre-coated metal are H to 3 H, 
thus proving that the pre-coated metal of this invention 
affords excellent surface hardness compared with those 
of conventional pre-coated metal. 7 
White parts were observed in the resin coated layer 

after being subjected to the press forming. However, 
such white parts disappeared by subjecting the layer to 
heat treatment at 150°C for 30 minutes, thus providing 
a glossy and hard coated layer. 

EXAMPLE 2 

In the preparation of a solution of acrylic-based resin, 
400 g of methyl methacrylate, 100 g of butyl acrylate, 
24 g of glycidyl methacrylate, as a functional group 
monomer, 14.5 g of acrylic acid, and 1.0 g of benzoin 
as a polymerization initiator were placed in a beaker. 
The top of the beaker was covered with a polyvinyli 
dene chloride ?lm and the mixture was exposed to 
sub-ultraviolet rays to effect photo-polymerization for 
about one and one-half hours. A viscous prepolymer 
(which will be referred to as a resin solution A 2) was 
obtained. During this photo-polymerization, the beaker 
was swung to agitate the polymerization solution. The 
resin concentration and viscosity of the resin' solution 
obtained were 35% and about 500 poise, respectively. 

Similarly, in the preparation of a solution containing 
rubber, 40 g of methyl methacrylate, 60 g of butyl 
acrylate and 0.2 g of benzoin as a polymerization initia 
tor were placed in a beaker for photo-polymerization in 
the same manner as in the preparation of resin solution 
A 2, to obtain a prepolymer (which will be referred to 
as rubber solution B 2) with a resin concentration of 
35% and viscosity of 400 poise. - i ' 

A mixture of 270 g of resin solution A 2 and 30 g of 
rubber solution B 2 was prepared to obtain a coating" 
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solution. The coating" solution thus obtained was ap 
plied to the surface ofa steel sheet 0.8 mm in thickness 
using a curtain ?ow coating machine to a thickness of 
about 230 1.1.. The surface of the steel had been first 
subjected to phosphating treatment before the applica 
tion of the'coa’ting solution. The steel sheet thus coated 
was placed in an oven at 70°C for 24 hours to obtain a 
pre-coated metal sheet having a resin coated layer 80 u 
in thickness. 
The particle size of the‘ granular rubbery material of 

the precoated metal of the present invention was about 
3 u; the hardness of the surface of the layer was H in 
terms of pencil core hardness, and had an Erichsen 
value of 9.3 mm and a du Pont impact value of about 
50 cm. In addition, no breakage in the resin coated 
layer was observed in the tightbending test, and sub 
stantially the same workability as that of the precoated 
metal given in Example] was‘ noted. The pre-coated 
metal of this Example was subjected to heat treatment 
at 150°C for 25 minutes, and thereby the surface hard 
ness of the resin coated layer was increased to 4 H. 

EXAMPLE 3 

In the preparation of a solution of acrylic-based resin, 
the above procedures were repeated, i.e., 400 g of 
methyl methacrylate, 100 g of butyl acrylate, 24 g of 
2-hydroxyethyl methacrylate, 14 g of acrylic acid, and 
1.0 g of benzoin were subjected to photo-polymeriza 
tion. (This resin solution will be referred to as A 3). 
Similarly, in the preparation of a solution containing 
rubber, 38 g of methyl ‘methacrylate, 62 g of butyl 
acrylate, 3 g of Z-hydroxyethyl methacrylate, 1.8 g of 
acrylic acid and 0.2 g of benzoin were subjected to 
photo-polymerization to obtain a prepolymer. (This 
will be referred to as resin solution B 3). 
To prepare a coating solution 30 g of resin solution B 

3 was added to 270 g of resin solution A 3, and 3 g of 
blue pigment, and 0.5 g of titanium white were added 
thereto with agitation. The coating solution was applied 
to a steel sheet of 0.8 mm thickness using'a roll coating 
machine and'the ‘steel sheet thus prepared was sub 
jected to heating and drying, thereby obtaining a pre 
coated metal having a resin coated layer about 90 )1. 
thick and obtaining rubbery material of about 1 u di 
ameter particle size. The surface hardness of the pre 
coated metal was H in terms of'penc'il core hardness, 
and had an Erichsen value of 9.5 mm and du Pont 
impact value of about 40 cm. The pre-coated metal 
thus treated was placed in an oven at 150°C for 25 
minutes, and the surface hardness of the resin coated 
layer obtained was increased to 4 H. The gloss of the 
surface of the coated layer subjected to heat treatment 
was 94 % in terms of mirror re?ectance at 60°. 

EXAMPLE 4 

In the preparation of a solution containing an acrylic 
based resin, 50 g of methyl methacrylate, 30 g of sty 
rene, 20g of lauryl methacrylate, 6.5 g of 2-hydrox 
yethyl methacrylate,vand 4.3 g of methacrylic acid and 
01,01’,'-azobisisobutyronitrile as a polymerization initia 
tor, were dissolved in 500 g toluene, after which the 
mixture was subjected to polymerization at a polymeri 
zation temperature of 80°C for 30 hours under nitro 
gen, thereby producing a viscous resin solution (re 
ferred to as resin solution A4). 

Similarly, for preparing a solution containing rubbery 
material,‘ 15 g of methylmethacrylate and 15 g of lauryl 
methacrylate were dissolved in 100 g toluene for poly 
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merizatio'n under conditions substantially the same as 
those of the previous example, thereby producing a 
viscous resin solution (referred to as a rubber solution 
B 4). To prepare the coating solution, 15 g of rubber 
solution B 4 was added to 285 g resin solution A 4. The 
coating solution was applied to the surface of a metal 
sheet to which had been applied an epoxy-acrylic based 
adhesive, followed by heating and drying, to obtain a 
pre-coated metal with a resin coated layer containing 
rubbery material of about 3 p. diameter particle size. 
The surface hardness of the pre-coated _metal was 
found to be H in terms of pencil core hardness, and had 
excellent workability, withstanding a tight-bending test 
without breakage. The precoated metal was placed in a 
heating oven at 150°C for about 30 minutes and, as a 
result, the surface hardness of the resin coated layer of 
the pre-coated metal was increased to 5 H. 

EXAMPLE 5 

A mixture of 60 g of butadiene, 40 g of n-butyl acry 
late, H) g of sodium lauryl sulfate, 1.0 g of ammonium 
persulfate 0.4 g of sodium ammonium bicarbonate, 1.5 
g of benzoyl peroxide and 150 g of water was prepared, 
and the mixture was placed in a closed polymerization 
apparatus equipped with an agitator to effect polymeri 
zation under nitrogen at 40°C for 10 hours, followed by 
the polymerization at 90°C for? hours, to obtain rub 
ber latex A. Then, 85 g rubber latex A, 1.0 g of sodium 
lauryl sulfate, 0.07 g of ‘potassium persulfate, 15 g of 

. methyl methacrylate, 0.2 g of dodecyl mercaptan and 
170 g of water were mixed and then the mixture thus 
prepared was subjected to polymerization at 70°C for 3 
hours in the same manner as in the previous examples, 
thereby obtaining a polymer latex. The polymer latex 
was then subjected to solidi?cation, cleaning and dry 
ing, ‘and then dispersed in methyl ethyl ketone, to pre 
pare resin solution with a concentration of 35%. 
The resin solution corresponded to a solution con 

taining rubbery material, and will be referred to as resin 

To prepare a coating solution 30 g of resin solution B 
5 was added to '200 g of resin solution A~ 1 prepared as 
in Example 1. ' 
The coating solution was then applied to the surface 

of a steel sheet 0.8 mm in thickness, and the steel sheet 
was heated and dried to obtain‘ a pre-coated metalwith 
a coated layer containing a rubbery material of about 1 
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u diameter particle size. The surface hardness of the 
resin coated layer of the pre-coated metal was H in 
terms of pencil core hardness and had workability 
which could withstand a tight-bending test. The surface 
hardness of the resin coated layer after heat treatment 
at 150°C for 30 minutes was 4 H. 
Having now fully described the invention, it will be 

apparent to one of ordinary skill in the art that many 
changes and modi?cations can be made thereto with 
out departing from the spirit or scope of the invention 
as set forth herein. 
What is claimed as new and intended to be covered 

by Letters Patent is: . 
1. In a precoated metal sheet comprising a metal 

sheet and an acrylic resin coating, the improvement 
which comprises an acrylic resin coating comprising a 
dispersion of a granular rubbery material in an acrylic 
based resin matrix which resin matrix contains mono 
mer units having functional groups which cross-link 
upon heating and which resin matrix is glassy at room 
temperature, said resin coating comprising from 70 to 
99 wt. percent of said acrylic-based resin matrix and 
from l_to 30 wt. percent of said granular rubbery mate 
rial. 

2. The pre-coated metal sheet of claim 1, wherein the 
thickness of said acrylic resin coating is 20 to 200 u. 

3. The pre-coated metal sheet of claim 1, wherein 
said monomer units range from 1 to 30 wt % of said 
resin matrix. 

4. The pre-coated metal sheet of claim 1, wherein the 
acrylicbased resin matrix comprises 50 to 99% lower 
alkyl methacrylates and lower alkyl acrylates, 0 to 49 % 
vinyl benzene and l to 30% of a vinyl monomer con 
taining a functional group which will cause cross-link 
ll'l . 

g. The pre-coated metal sheet of claim 4, wherein 
said vinyl monomer containing a cross-linking func 
tional group is- 2-hydroxyethylmethacrylate, glycidyl 
methacrylate, acrylamide, methacrylic or acrylic acid. 

6. The pre-coated metal sheet of claim 1, wherein the 
rubbery material is selected from the group consisting 
of acrylic rubbers and diene rubbers. 

7. Thepre-coated metal sheet of claim 1, wherein the 
size of said granular rubbery material is 0.05;‘. to 15p. in 
diameter. 

* * * * * 


